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1. Introduction

Since the mid-1990s, the refrigeration and air conditioning industry has been striving to find alternative, environmentally 
friendly, efficient and safe refrigerants.

For this reason, refrigerants containing chlorine, such as R22, have been banned, and the focus has been placed on  
existing refrigerants with no ozone-depletion potential (for example R410A). The next step is to start to use refrigerants 
that in addition to having no ozone-depletion potential also have a low global-warming potential (GWP). The F-Gas Regu-
lations have put in place a phase-down of this global-warming potential.
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prohibition of placing on the 
market split devices with < 3 kg 
with HFC with GWP >= 7500

prohibition of installation, 
service and maintenance of
stationary refrigerating systems 
using HFC with GWP ≥ 2500

prohibition of placing on the market 
commercial composite refrigerating 
systems with a nominal capacity of 
40 kW with HFC with GWP >= 150

The following document deals with A2L refrigerants, which have been used as components in other refrigerants for a long 
time. The use of A2L refrigerants in their pure form has many advantages (e.g. low GWP, high efficiency), but they also 
contain flammable components and are classified as having low flammability. This property necessitates a risk assess-
ment and, possibly, additional safety precautions, e.g. in relation to installations in buildings, which must be taken into  
account when planning and installing systems. The necessary measures are stated in standards such as DIN EN 378 and 
define the current state of the art in accordance with which safety precautions may need to be taken. This document 
summarises the relevant contents of the standard in terms of its application to chillers and heat pumps and provides 
overviews to facilitate the planning and installation of systems.

NOTE!
 ►This manual only represents a compilation of relevant content from the standards and does not guar-
antee conformity with them. It provides information and recommendations that are intended to assist 
in the management of chillers and heat pumps with A2L refrigerant. Special cases must always be 
evaluated on an individual basis.
 ►Commissioning, maintenance, shutdown and other activities on the unit must be carried out by trained 
and qualified personnel and in accordance with the locally applicable standards and codes of prac-
tice.

GENERAL INFORMATION
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2. General information regarding A2L refrigerants

From a safety point of view, refrigerants can be assessed in terms of the parameters toxicity and flammability. ISO 817 
and DIN EN 378 classify refrigerants into eight safety groups according to their flammability and toxicity.

Refrigerant safety classes

Flammability Toxicity

Non-toxic (A) Toxic (B)

Non-flammable (1) A1 B1

Mildly flammable (2L) A2L B2L

Flammable (2) A2 B2

Highly flammable (3) A3 B3

The current document deals solely with the refrigerants R1234ze, R32 and R454B. The key figures relevant for the  
assessment are 
• ATEL (acute toxicity exposure limit) and 
• LFL (lower flammability limit). 
More details can be found in the following sections.

Relevant key figures for A2L refrigerants

Key figures for ATEL [kg/m³] LFL [kg/m³]

R1234ze 0.28 0.303

R32 0.30 0.307

R454B 0.435 0.303

Designation according to ASHRAE/ISO817 R1234ze R32 R454B

PED group 2 1 1

Safety classification according to ASHRAE A2L A2L A2L

Ozone depletion potential (R-11 = 1) 0 0 0

AR5 (AR4) GWP (CO2 = 1) 7 (<1) 675 (677) 467 (466)

Composition (wt. %) R1234ze = 100% R32 = 100% R32 = 68.9% 
R1234yf = 31.1%

Temperature of the saturated liquid q 1 atm -18 -52 -50.5

Practical limit value PL (kg/m³) 0.061 0.061 0.039

ATEL/ODL (lowest value) (kg/m³) 0.28 0.30 0.358

LFL (kg/m³) 0.303* 0.307 0.303

UFL (kg/m³) 0.569* 0.559 0.569

Combustion speed (cm/s) < 10 < 10 5.2

Minimum ignition energy (mJ) (ASTM E582-13)* 54 °C 61000 – 64000 30 – 100 100 – 300

Molecular mass 114 52 62.61

Autoignition temperature (°C) (ASTM E659-15) 368 648 498

* R1234ze flammable at 21 °C.

NOTE!
 ►The key figures mentioned here do not provide direct information on the maximum permissible refrig-
erant charge amount. Depending on the installation location and application, they are given in various 
calculation formulas and serve as a reference value.

GENERAL INFORMATION
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3. Instructions on handling A2L refrigerant

3.1 Safety instructions:

CAUTION!
 ►Ensure compliance with the information given in DIN EN 378 and the manufacturer's instructions for all 
work.
 ►Only carry out work if you have the appropriate expertise in accordance with BRG 500 and DIN EN 
378.
 ►As is the case with many refrigerants, R1234ze, R32 and R454B are heavier than air and therefore  
accumulate on the ground. Under certain circumstances, concentrations can therefore be reached in 
rooms which can cause a suffocating or explosive atmosphere. To avoid such situations, it is neces-
sary to provide adequate ventilation of the working environment. If there is a leak in the refrigerant  
system in a room with insufficient ventilation, avoid open fires or prolonged human exposure until the 
working environment is properly ventilated.
 ►The same precautions must be observed for soldering/brazing work.
 ►Ensure adequate ventilation before starting work in case there is a leak of refrigerant during the work. 
If the refrigerant comes into contact with flames, toxic gases may be produced.
 ►Keep ignition sources such as gas burners or electric heaters away from the work area during installa-
tion and maintenance.
 ►When installing or moving a unit, make sure that no foreign matter such as air enters the refrigerant 
circuit. Mixing with air or other gases leads to unusually high pressure in the refrigeration circuit and 
can cause long-term damage to the unit.
 ►After completion of the installation work, it must be ensured that no refrigerant has leaked. 

3.2 Tools

Due to its properties, special service tools may sometimes be required when handling A2L refrigerant. The following table 
gives an overview of the tools required.

Tool Instructions

Test valve / manifold gauge 

Filling with refrigerant takes place in the liquid phase, so it is advisable to use a test valve with an inspection window.

Pressure gauge high-pressure side -1 ~ 53 bar

Combi pressure gauge -1 ~ 38 bar

Valve connector size Thread 7/16" UNF

Note: The saturation temperature depends on the particular refrigerant used. 

Filling hose

Compressive strength in normal operation 55 bar

Bursting strength 275 bar

Material Rubber, internal nylon coating

Cap size Thread 7/16" UNF

Filling valve

The filling valve prevents gas leakage from the hose and the air conditioning unit when the filling hose is removed.  
Thread 1/2" UNF

Electronic scales

The exact refill quantity can be defined with the electronic scales.

GENERAL INFORMATION
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Tool Instructions

Electrical leak tester
(gas leak detector)

Before using an electrical leak tester, check that it is suitable for the refrigerant used.

Note: With A2L refrigerants, do not use a tester that detects combustion gases.

Vacuum pump

Since A2L refrigerants have low flammability, only use a vacuum pump suitable for this refrigerant. 

100V 6A

ON OF
F

Non-return adapter for vacuum 
pump

The installation of a non-return adapter is necessary in order to prevent the backflow of oil from the vacuum pump into the filling hose. 

Flaring tool

The flaring tool is used to modify the formation of a flare/flange from the copper tube.

Torque wrench

Use flared nuts with a larger wrench size to increase the compressive strength.

For 1/4" 17 mm × 18 Nm

For 3/8" 22 mm × 42 Nm

For 1/2" 26 mm × 55 Nm

For 5/8" 29 mm × 75 Nm

Pipe bending pliers –

Pipe cutters –

Refrigerant cylinder The cylinders are labelled according to the refrigerant type.

Adapter for refrigerant cylinders Use an adapter for the connection between the refrigerant cylinder and the manifold pressure gauge.
Connection to the refrigerant cylinder:
– Depending on refrigerant and country-specific regulations
– Filling nozzle: 7/16" UNF

Note: Refrigerant cylinders for A2L refrigerant have a left-hand thread.

Extraction system A2L refrigerants have low flammability. Therefore, only use units for refrigerant recovery that are suitable for this refrigerant.

Transfer or disposal cylinder The cylinders are labelled according to usage.

TOOLS
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3.3 Transport

Transport of the units must be in full compliance with local regulations. The maximum volume of refrigerant that may be 
transported is determined by the applicable transport regulations.
In terms of transport within Europe, the European Agreement concerning the International Carriage of Dangerous Goods 
by Road (ADR) applies.  
This regulation allows for a partial exemption if the total volume of refrigerant carried on the same truck does not exceed 
1000 points (1 kg A2L corresponds to 3 points; 1 kg A1 corresponds to 1 point). 

For example, a truck could be loaded as follows:
10 units with 100 kg R-410 per unit: total number of points = 1000
10 units with 33 kg R-454B per unit: total number of points = 1000
4 units with 200 kg R-410 per unit + 2 units with 33 kg R-454B per unit: total number of points = 1000

Partial exemption from the ADR allows for the implementation of very simple countermeasures for risks during transport, 
such as the presence of:
• A fire extinguisher in each vehicle
• An explosion-proof flashlight in each vehicle
• A red label on the external packaging (applied in the factory) 
 

WARNING!
 ►The unit is fitted with safety valves that can release refrigerant if the unit is exposed to high tempera-
tures.  
 ►The transport temperature must not exceed 50 °C.

3.4 Storage

Air-cooled units for outdoor use are designed for installation in the open air. For safety reasons, the units must therefore 
also be stored outdoors. Units for indoor installation can also be stored inside the building under the following conditions:

If the units are stored in a closed room, the room must meet the following requirements:
• Well ventilated and free of combustible materials or waste
• Free from ignition sources such as sockets, lamps and switches, electric motors and similar devices
• No direct sunlight and outside the range of heat sources
• The storage area must be provided with safety signs
• Appropriate fire safety measures must have been taken

Storage of the equipment must be in accordance with the applicable regulations, local legislation and building regula-
tions. 
 

WARNING!
 ►The unit is fitted with safety valves that can release refrigerant if the machine is exposed to high tem-
peratures.  
 ►The storage temperature must not exceed 50 °C.

 

TOOLS
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4. Installation areas for refrigerant-carrying components 

The following section describes the possible installation areas for refrigerant-carrying components and units and their 
special requirements. 

Do not install units for outdoor installation inside a building, machine room or cellar.

The installer must provide adequately protected documentation, which must be kept near the operating location of the 
unit and must be clearly legible. It must at least contain information on the flammability of the refrigerant (see EN 378-2: 
2016, 6.4.3.3).

The control cabinet should be designed in such a way that a dangerous concentration of refrigerant can be avoided in the 
event of leakage. The control cabinet must not be modified by adding holes or removing cable glands. It is essential that 
the following points are observed in terms of the cabling:
• Insert the cables only at the point designated for the cable duct.
• Drill the plate at a suitable location for the cable duct and use suitable cable glands to seal the control cabinet.

4.1 Outdoor installation

The requirements for classification of outdoor installations are defined in the standard DIN EN 378.

The installation of refrigerant-carrying components or compact chillers and heat pumps in a room in which at least one of 
the longer walls is open to the outside (at least 75%) counts as outdoor installation. This also includes ventilation slots to 
the outside that create a free area (A) of 75 % of the outside walls.

REQUIREMENTS

• If unit components are to be installed in an outdoor location in which released refrigerant may accumulate, the  
requirements relating to gas detection systems and the ventilation of machine rooms must be met (see ‘Refrigerating 
equipment located inside a machinery room’; DIN EN 378-3 Section 4.3). It must be guaranteed that refrigerant  
cannot accumulate in large quantities. Refrigerant detectors and fans may help remedy any such issues.

• Units containing more than 10 kg of A2L refrigerant must feature a clearly visible label to this effect (usually attached 
to the unit at the factory). They must also feature a sign stating that smoking, naked flames and other potential sources 
of ignition must be avoided.

• Unit components installed outdoors must be arranged such that no refrigerant can leak into the building or pose a 
risk to persons or property in any other way. As a result, they must never be installed in the vicinity of fresh-air vents, 
doorways, trapdoors or similar openings.

• The chillers and heat pumps are fitted with safety valves that emit refrigerant into the atmosphere in case of over-
pressure. Outlet pipes must be routed away from the appliance to an open safety zone 1 m above the floor and away 
from potential ignition sources (electrical appliances, hot surfaces, flames, etc.). 

• Inside the units, some of the refrigerant-carrying components are located within an enclosed structure. A flammable 
mixture may therefore spread beyond the dimensions of the unit in the event of a leak, especially if doors or panels 
are open. A risk assessment must be carried out to determine the requirements for the location of the unit.

SAFETY ZONE
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NOTE!
►If all components containing refrigerant are located outdoors (outdoor installation) or in a machine 

room, the refrigerant charge amount is not subject to any stipulated limit.

A ≥ 75% open

4.2 Occupied areas

This classification applies when refrigerant-carrying components are located in an area that is restricted by walls, floors 
and ceilings and in which persons remain present for an extended period of time. If surrounding areas are clearly and 
permanently open to the occupied area in question, then they may be considered a constituent part of this occupied 
area. Permissible openings include unhinged doors, open passages and other permanent openings that extend down to 
the floor (max. 100 mm above the floor).

NOTE!
►The exact conditions for calculating the room volume can be found in DIN EN 378 -1:2018; Section 7.

In the event that refrigerant-carrying components are to be installed in an occupied area, the limits stated in DIN EN 378-
1:2018 Annex C must be met. The decision as to whether a particular installation is permissible depends on the size of 
the room, the type of access area and the refrigerant charge amount. When making this decision, a closed cooling circuit 
must always be considered separately. The limit values can be taken from the following table or from the graphics below.

NOTE!
►In the event of a leak in the plate heat exchanger between the primary refrigeration circuit and the 

secondary water circuit, refrigerant could enter the secondary circuit and thus into the building, even if 
the refrigerant-carrying components are all installed outdoors. In order to remove the refrigerant from 
the secondary circuit, mechanical air vents must be provided at suitable points to allow the refrigerant 
to be discharged to the outside air. Further information can be found in Section 5 "Hydraulic water 
circuit".

SAFETY ZONE
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Step 1: Classification of access areas

Category General properties Examples

General access area
a

Rooms, parts of buildings and buildings in which 
• sleeping facilities are present
• people are restricted in their movement
• the number of people present there is not controlled
• people have access without being personally familiar with the necessary 

safety precautions

Theatres, supermarkets, schools, hotels, 
restaurants, railway stations

Monitored access area
b

Rooms, parts of buildings and buildings 
• in which only a limited number of persons may be present, some of whom 

must be familiar with the general safety precautions of the facility

Office/business rooms, laboratories, 
rooms for general production and work 
purposes

Access area to which only 
authorised persons have access

c

Rooms, parts of buildings and buildings 
• to which only authorised persons familiar with the general and specific 

safety precautions of the facility have access, and in which materials or 
goods are produced, processed or stored

Production facilities,  
 
e.g. for chemicals, foodstuffs, beverages, 
refrigerated warehouses, slaughterhous-
es, non-public areas in supermarkets

Step 2: Determination of permissible refrigerant charge amounts

Category of access area Permissible charge amount Upper limit

a Human comfort mmax = ATEL x V and mmax = 2.5 × (LFL5/4 ) × h0 × (A1/2)

• Depending on which value is lower
• In the case of charge amounts < 1.8 kg (R32 and R1234ze)  

and < 2.1 kg (R454B), only the ATEL value is considered.

The maximum refrigerant charge 
amount may not exceed the following 
amounts.

R1234ze:
11.81 kg

R32
11.97 kg

Other applications 20% × LFL × V

b Human com-
fort

Upper floors without 
emergency exits or 
basement levels

mmax = ATEL x V and mmax = 2.5 × (LFL5/4 ) × h0 × (A1/2)

• Depending on which value is lower
• In the case of charge amounts < 1.8 kg (R32 and R1234ze)  

and < 2.1 kg (R454B), only the ATEL value is considered.

Other mmax = 2.5 × (LFL5/4 ) × h0 × (A1/2)

• In the case of charge amounts < 1.8 kg (R32 and R1234ze)  
and < 2.1 kg (R454B), the installation is permissible.

R454B:
11.81 kg

Other application 20% × LFL × V

c Human com-
fort

Upper floors without 
emergency exits or 
basement levels

mmax = ATEL x V and mmax = 2.5 × (LFL5/4 ) × h0 × (A1/2)

• Depending on which value is lower
• In the case of charge amounts < 1.8 kg (R32 and R1234ze)  

and < 2.1 kg (R454B), only the ATEL value is considered.

Other mmax = 2.5 × (LFL5/4 ) × h0 × (A1/2)

• In the case of charge amounts < 1.8 kg (R32 and R1234ze)  
and < 2.1 kg (R454B), the installation is permissible.

Other application 20% × LFL × V

< 1 person per 10 m² 20% × LFL × V 50 kg

Key:

mmax  = Permitted refrigerant charge amount [kg]
ATEL = Acute Toxicity Exposure Limit [kg/m³] / [R1234ze: 0.28; R32: 0.30; R454B: 0.435] 
LFL = Lower Flammability Limit [kg/m³] / [R1234ze: 0.303; R32: 0.307; R454B: 0.303]
V = room volume [m³]
A = room area [m²]
h0 = installation height [m]
H = room height [m]
Important: Even if the room is larger, only a maximum area (A) of 250 m² and a room height (H) of 2.2 m may be used for the calculation for applications for human 
comfort.

SAFETY ZONE
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REFRIGERANT CHARGE AMOUNT

4.2.1 Maximum permissible refrigerant charge amount in occupied areas (R1234ze R454B)
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REFRIGERANT CHARGE AMOUNT
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REFRIGERANT CHARGE AMOUNT

4.2.2 Maximum permissible refrigerant charge amount in occupied areas (R32)
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REFRIGERANT CHARGE AMOUNT
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REFRIGERANT CHARGE AMOUNT

4.3 Machine rooms

This classification applies when components containing refrigerant are located in a fully enclosed room or  
enclosure that is only accessible to authorised persons and is used for the installation of parts or of the entire refrigerating 
system. A machine room may contain additional components provided that the installation requirements are compatible 
with the refrigerating system safety requirements. (e.g. boilers or similar devices could exceed the maximum permissible 
surface temperature and in this case would not be permissible for installation with the chiller/heat pump in a room)

NOTE!
 ►If all components containing refrigerant are located outdoors or in a machine room, the refrigerant 
charge amount is not subject to any stipulated limit. A machine room for water chillers or heat pumps 
with A2L refrigerant must be equipped to special safety standards. The requirements are defined in DIN 
EN 378-3 (Section 5) and are detailed in the following.

GENERAL INFORMATION 

• The design of the machine room must comply with local and national regulations.

• A risk analysis based on the safety concept for the refrigerating system must be carried out to determine whether it 
is necessary to install the chiller or heat pump in a "separate refrigeration machine room". No equipment that ex-
ceeds a surface temperature of 80 % of the auto-ignition temperature of the refrigerant or that constitutes a source 
of ignition which cannot be switched off by a refrigerant detector may be placed in the same room.
Auto-ignition temperature: R1234ze = 368 °C; R32 = 648 °C ; R454B = 498 

• Electrical equipment (including ventilation equipment, pumps etc.) used in machine rooms for refrigerating systems 
with flammable refrigerants must be suitable for use in potentially explosive atmospheres, or must be switched off 
by a refrigerant detector as soon as a refrigerant concentration of 25 % of the lower flammability limit (LFL) is 
reached in the machine room. All electrical components that remain live when the alarm threshold is exceeded, e.g. 
alarms, gas detectors, ventilation fans and emergency lighting, must be suitable for operation in potentially explo-
sive atmospheres.

• If an enclosure is large enough to allow access by persons, it must be considered as a machine room.

• Machine rooms must not at any time be used as occupied areas. (The operator is obliged to ensure compliance).  
 In the event of non-compliance, the machine room is considered to be access area "C" and the maximum possi-
ble refrigerant charge amount is accordingly limited (see section on Occupied Areas).

• Refrigerant must not enter adjacent rooms, stairways or drainage systems.

• Air ducts going through the machine room are only permitted if there is a suitably sealed ventilation duct.

• Any combustion systems or air compressors must be supplied via a separate air connection so that escaping re-
frigerant cannot reach the air intake opening.

• No naked flames (except for maintenance purposes with adequate safety precautions).

• The machine room must not be used as a storage room at any time.
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REFRIGERANT CHARGE AMOUNT

4.3.1 Room requirements

Sufficient space must be available to ensure proper installation of the system and sufficient free space for maintenance 
and servicing. A minimum room height of 2.10 m is required.

Fire-resistant floors, ceilings and walls that have a fire resistance of at least 1 hour and are designed in accordance 
with EN 1363, EN 1364 and EN 1365. 

The doors of the machine room must have the following characteristics:
• Sufficient number to ensure rapid exit
• Airtight
• Self-closing
• Opening to the outside
• Able to be opened from the inside
• Fire-resistant (at least 1 hour; design in accordance with EN 1363, EN 1364 and EN 1365)

If the charge amount of the largest circuit is above the practical limit value "PL "* (R1234ze/R32 = 0.061 kg/m³; R454B = 
0.06 kg/m³), the doors must lead either directly, or via a maximum of one anteroom, directly to the outside (a maximum of 
two doors need to be opened in order to be able to exit from the building from inside the machine room to the open air). 
The practical limit value "PL" is a guide value that covers both the flammability and toxicity of a refrigerant. 

* PL (practical limit):  This is a guide value relating to toxicity and flammability. This value is of little significance in terms of 
the applications covered in this document.

Escape routes

outdoor area

outdoor area

outdoor area

machine room

Wall ducts: All pipes and ventilation ducts passing through walls, ceilings and floors of machine rooms must be sealed at 
the points where they pass through the walls, ceilings or floors. The sealing must have at least equivalent fire resistance 
characteristics to those of the walls, ceilings and floors themselves.
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SAFETY MEASURES

4.3.2 Technical equipment

EMERGENCY OFF switch: An emergency remote shutdown of the refrigerating system must be provided outside the 
machine room and near a door, as well as inside the room. The switches must comply with EN ISO 13850 and EN60204-1. 

Remote shutdown

emergency shutdown
indoor area

remote emergency 
shutdown

machine room

Ventilation: An independent ventilation system is required. Under normal conditions, this must guarantee four air chang-
es per hour in the machine room. If this level of air changes is not achieved, an audible and/or visual alarm must be acti-
vated. 

To prevent a critical concentration of refrigerant from accumulating in the machine room in the event of a leak, an addi-
tional mechanical emergency ventilation system must be provided. The air flow of the emergency ventilation system must 
be calculated at least with the following formula or correspond to 15 air changes per hour. 

Formula for calculating the volume flow for emergency ventilation:
V˙ =0.014 x m(2/3)

V˙ : Air volume flow m³/s 
m: Refrigerant charge amount [kg] 

In the case of machine rooms with A2L refrigerant, an explosion-proof fan or a fan with external fan motor must be select-
ed here (motor must not be located in the air flow). The mechanical emergency ventilation system must be equipped with 
two independently operating emergency controllers, one outside and one inside the machine room (see figure - Overview 
of machine room ventilation).

The openings for mechanical ventilation must be suitably located and dimensioned in such a way that dead zones are 
avoided and air cannot be recirculated into the room. The sheet metal used for the ventilation ducts must comply with EN 
1507 (information can be obtained from the respective manufacturer) and be installed in accordance with the require-
ments in EN 12236 (DIN EN 12236; "Ventilation for buildings - Ductwork hangers and supports"). The ducts must be 
sealed and, in the case of wall ducts to adjacent rooms, must have at least the same fire resistance as the doors and 
walls of the machine room (fire dampers and fire resistant wall ducts). 

NOTE!
►It is recommended that the exhaust air be extracted at floor/ground level and a secondary air flow is re-

alised above on the opposite side. Standard refrigerants are heavier than air and will therefore always 
accumulate at the lowest level.
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The outlet of the ventilation system must not be obstructed and must be fitted with devices to prevent the ingress of de-
bris, leaves and birds. At the bottom of all rising pipes that are open to the outside, there must be a drain with a collection 
device for rainwater and access for inspections. 
In the case of machine rooms with A2L refrigerant, a door contact switch shall be provided to switch on emergency venti-
lation if the machine room door is open for more than 60 seconds.

Machine room ventilation

machine room

independent ventilation system
(4 air changes per hour)
Monitoring alarm

mechanical 
emergency ventilation
(15 air changes per hour)

independent 
emergency control
(outside)

door contact switch
(switches on emergency ventilation when door is open for 60 s)

explosion-proof fan 
or fan motor 
outside the air flow
(the fan must not ignite the refrigerant)refrigerant detector

independent 
emergency control
(inside)

outdoor area

fresh air

Lighting: Sufficient lighting is required. A permanently installed or portable emergency lighting system must also be pro-
vided to enable the effective evacuation of 

personnel. 

Refrigerant detector and alarm system: If the concentration of refrigerant in the machine room exceeds permissible 
limits, an alarm must be triggered, the mechanical emergency ventilation system in the machine room must be activated 
and the refrigerating system and electrical components (unless explosion-proof) must be shut down. The alarm must give 
a visual and audible warning both inside and outside the machine room and at the same time inform an authorised per-
son who will initiate appropriate action.

The detector must be installed at a location where the refrigerant would accumulate in the event of a leak. 
At least one detector must be installed in each machine room. Depending on which value is more critical, the detector 
must be set to 25% of the LFL or 50% of the ATEL as the trigger threshold. The detector requires an independent power 
supply and must transmit an automatic fault signal in case of failure. 
  When selecting a detector from the manufacturer, make sure that the requirements of the relevant standard (e.g. sen-

sitivity, response time and tolerance) are met. (Ask about EN 14624, DIN EN 378).
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NOTE!
 ►In many cases detectors are already preset to the relevant refrigerant by the manufacturer and do not 
need to be calibrated by the installer.
 ►It is recommended that the refrigerant detector is installed near the unit at floor/ground level. If the ma-
chine room is not at ground level, it is recommended that the refrigerant detector be installed at the 
lowest point in the room. Standard refrigerants are heavier than air and will therefore always accumu-
late at the lowest level.
 ►The leak sensors available as optional extras with the unit do not meet the requirements for the re-
quired refrigerant detectors, as they do not have a power supply independent of the unit.

4.3.3 Other

Outlet lines  of pressure relief devices (safety valves) must lead the refrigerant to the outside air in a suitable manner so 
that it cannot enter air intake openings or escape routes of the building.
  
Maintenance ducts must comply with the requirements of EN 1366-1 and EN 1366-2 and must be sealed in such a way 
that leakage of refrigerant into the maintenance duct is minimised; the fire resistance must be at least equal to that of the 
walls and doors. Maintenance ducts, including walkways and crawlways, that contain piping for refrigerant must be vent-
ed to a safe place to prevent dangerous accumulation of refrigerant in the event of leakage. Maintenance ducts may not 
be used for ventilation or conditioned air.
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5. Hydraulic water circuit

In the event of a leak, refrigerant can escape into the hydraulic circuit via the water-side heat exchanger of the unit. In  
order to prevent refrigerant from being released into the interior via water pipes, the water side of the heat exchanger of 
the chillers and heat pumps is fitted with a safety valve set at 6 bar, so that refrigerant can be released into the atmos-
phere. 

It is the installer's responsibility to design and protect the water circuit (pipes, fan coil units, buffer storage tanks etc.). The 
settings of safety valves, working pressure of pumps, geodetic altitude, etc. must also be taken into account.
The outlet lines of the safety valves must be routed from the unit enclosure to the outside and to safety zones away from 
potential ignition sources (electrical equipment, hot surfaces, flames, etc.). 

The hydraulic circuit must be designed to prevent the release of refrigerant into areas supplied with water/glycol. 

The following must be observed in order to meet this requirement:
• All open expansion vessels/tanks must be installed outdoors. If open expansion vessels/buffer storage tanks are in-

stalled indoors, they must be replaced by hermetically sealed variants or moved outside.
• Safety valves should not be fitted inside buildings. Wherever possible, they should be installed directly outside the 

building or connected to a pipe through which any refrigerant is discharged to the open air. Under no circumstances 
should refrigerant enter occupied rooms via outlets (manual venting only is permitted). 

• If it is not possible to move these potential outlet points from the machine room to the open air, the machine room 
must comply with the requirements of EN 378-3:2016, Point 5 (refrigerant detector, alarms, ventilation, etc.).

• Any automatic ventilation system installed indoors on the hydraulic circuit must be closed after start-up. 
• If the unit is to be repaired, check the hydraulic circuit for the presence of refrigerant.
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6. Service 

The following safety precautions must be taken before working on the refrigerant circuit:
• Obtain approval for soldering/brazing work (if necessary);
• Ensure that no flammable materials are stored in the work area and that no ignition sources are present in the work 

area;
• Ensure that suitable fire extinguishing equipment (CO2 or dry powder) is available in the immediate vicinity;
• Ensure that the work area is adequately ventilated before starting work on the refrigerant circuit and before welding or 

soldering/brazing work. Where necessary, forced ventilation suitable for the refrigerant R454B must be used, e.g. 
blowers or fans that disperse refrigerant vapours (especially in confined spaces). This is a recommendation that ap-
plies to every refrigerant; 

• Ensure that suitable refrigerant detectors for flammable gases are present and operational to warn service engineers 
(especially during soldering/brazing operations) of hazardous refrigerant concentrations;

• Ensure that the leakage detectors used are non-sparking, adequately sealed or intrinsically safe;
• Install appropriate signage, e.g: "No smoking" / "Do not enter";
• Ensure that all suitable and necessary tools and personal protective equipment (PPE) are available;
• Ensure that all maintenance personnel have been familiarised with the system.

NOTE!
 ►If the installation allows it, we recommend that the unit is moved from the installation position to a con-
trolled workshop environment where work can be carried out safely.

Proceed as follows before working on the refrigerant circuit:

1. Remove refrigerant (note residual pressure);
2. Flush the circuit with inert gas (e.g. nitrogen);
3. Evacuate to a pressure of 30 kPa absolute (or 0.03 MPa);
4. Flush again with inert gas (e.g. nitrogen);
5. Open the circuit.

Do not perform any soldering/brazing on pipes or components containing refrigerant. The refrigerant must be evacuated 
before opening the circuit. Only pipe cutters may be used to open the pipes – no open flames! Before soldering/brazing, 
check with a refrigerant detector that no potentially flammable atmosphere is present. Do not use flames until the working 
environment is safely ventilated.

If compressors or compressor oils are to be removed, evacuate them to an appropriate level to ensure that no flammable 
refrigerant remains in the lubricant. 

Only equipment designed for use with flammable refrigerants may be used for refrigerant recovery. HFC refrigerant recov-
ery equipment may not have been approved for use with flammable refrigerants. 

It must be ensured that under no circumstances can a flammable/explosive concentration of refrigerant be allowed near 
an ignition source or into a building.

After any repair activity, the safety devices, e.g. refrigerant detectors and mechanical ventilation systems, must be 
checked and the results recorded.
Ensure that missing or illegible labels on refrigerant circuit components are replaced.
Do not use ignition sources when searching for a refrigerant leak.

If maintenance and repair work requires the assistance of other qualified personnel, work may only be carried out under 
the supervision of the qualified person responsible for handling flammable refrigerants. Any person carrying out mainte-
nance or servicing on a system or related parts of the unit must be qualified to do so in accordance with EN 13313.
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Persons working on the unit must have expertise in the safety aspects of handling flammable refrigerants; this must be 
demonstrated by attendance at appropriate training. The following areas must be covered: 
• Knowledge of the laws, regulations and standards for flammable refrigerants;
• Detailed knowledge and skills in handling flammable refrigerants, personal protective equipment, refrigerant leak pre-

vention, refrigerant cylinder handling, filling, leak detection, recovery and disposal.
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